Quality of drinking water is one of the greatest anxiety of water consumers with contamination of different pathogenic microorganisms especially fungi and bacteria. Water-borne pathogen contamination in water resources and related diseases are a major water quality concern throughout the world. A motivation for this study was the numerous reports about these contaminations of drinking water and the associated diseases. Water samples were collected from various locations of Ahmedabad in February 2017. The samples were analyzed by 16S rDNA PCR and ITS rDNA PCR since the DNA sequence polymorphisms in the 16S ribosomal DNA and ITS rDNA can be used for the identification of bacterial and fungal species respectively. The PCR amplicons were obtained for each water samples, were sequenced and the species identity was determined using NCBI-BLAST. Bacterial species of Aeromonas, Citrobacter and E. coli along with two fungal species were obtained from municipal water supplies and parab waters. Species of Aspergillus and Penicillium represented the most common fungi in municipal water supplies. This is the first report of molecular study from drinking water facilities of Ahmedabad. This study has clearly revealed that currently, the microbiological quality of the water is inferior for drinking purpose due to bacterial and fungal contamination. This study also showed the potential PCR based identification as a rapid technique for identifying microorganisms in drinking water samples.
INTRODUCTION
Human population growth wields several and various pressures on the quality and the quantity of drinking and fresh water resources and its access. Safe drinking water remains inaccessible to several millions people in the globe. Water contamination has a long presence in human history, with descriptions in the Sushruta Samhita about waterborne diseases resembling cholera in an Indian text written in Sanskrit as early as 500-400 B.C. (Colwell, 1996) . Contamination of drinking water due to natural and manmade contaminants is frequently reported in developing countries where mainstream of the inhabitants survive in countryside and uptown areas with meager hygiene and waste clearance practices. Presence of pathogenic protozoa, bacterial and viruses entering in drinking water supplies through human and animal fecal matter are the cause of major disease outbreaks (Dore, 2015) . Failure on regulation and management of treated drinking water and its sources eventually leads to environmental degradation. In developing countries, poor water quality is the most important risk of child mortalities which are mainly through infectious diarrhea. In India, about 10% of the countryside and city populations do not have access to usual safe drinking water and several others are threatened (Suthar, 2011 ). The quality of drinking water is ascertained by its microbiological examination. The maximum threat from microbes (coliform) in water is related to drinking water contaminated with human or animal excreta. Detection of the Gram-negative, non-spore-forming bacilli that ferment lactose with the production of acid and gas from the water sample points towards fecal contamination (American Public Health Association, 1998). However, the cultivation-based method being time consuming, attempts are focused on fast and reliable way of detecting water-borne pathogens. With the recent development of Polymerase Chain Reaction (PCR) and other in vitro enzymatic amplification techniques for target gene sequences, the direct detection of low levels of human pathogens in environmental samples becomes more plausible, practical, and economically feasible (Persing et al., 1993; Sobsey et al., 1996) . Seema Tharannum et al. (2009) reviewed molecular methods for detecting coliforms in water, that avert long incubation, interference by antagonistic organism, lack of specificity and losing non-culturable microorganisms. A motivation of this study was the numerous reports about these contaminations of drinking water and the associated diseases. The goal of our study was to analyze the drinking water quality of various sources from different regions of Ahmedabad with the use of rapid and highly sensitive molecular biological technique based on 16s rDNA PCR and sequence analysis.
MATERIALS AND METHODS

Collection of water samples:
The water samples were collected during February 2017 from different sites of Ahmedabad in white plastic containers, previously rinsed with distilled water and sterilized by autoclaving at 121˚C for 15 mins. The commercially sold water bottles were purchased from store and similar to other samples, were stored in a refrigerator at 4°C till further processing. Details of the samples are given in Table 1 . Identification of bacteria by PCR and 16S rDNA sequencing: The water samples were analyzed directly for detecting DNA without culturing for bacteria. Genomic DNA from the water samples was isolated according to the protocol of Sambrook et al. (2001) . The DNA obtained was quantified determining UV absorbance method and was suitably diluted to final concentration of 50 ng.µL -1 of DNA. Amplification of 16S rDNA was performed on Swift Maxi Thermal Cycler (ESCO, USA) with universal primer set 16S (FP) (5′-AGA GTT TGA TCC TGG CTC AG-3′) and 16S (RP) (5′-AAG GAG GTG ATC CAG CCG CA-3′) (Stackebrandt and Goebel, 1994) in 25 µL of reaction mixture containing 1X Taq buffer, 100 µMol L −1 dNTPs mix, 3.0 mMol L −1 MgCl 2 , 10 µg BSA, 10 pMol each primer, 0·5 U of Taq DNA polymerase and 50 ng of template DNA. The thermal cycling conditions consisted of an initial denaturation at 94°C for 2 min, 35 amplification cycles of 94 °C for 1 min 10 s, 48 °C for 30 s, 72°C for 2 min 10 s and a final polymerization step of 72°C for 6 min 10 s. The final PCR product was resolved in 2 % Agarose gel, excised and purified with in house elution kit. The cycle sequencing reaction was performed with 20-30 ng of purified amplicon using the ABI PRISM BigDye Terminators v1·1 cycle sequencing kit according to the manufacturer's instruction (Applied Biosystems, Foster city, CA). The purified products were sequenced bidirectionally to obtain complete coverage of the gene. The sequences were edited, and compared with GenBank sequences by Basic Local Alignment Search Tool (BLAST) analysis and accession number assigned. Nucleotide sequence similarities were determined using the NCBI or EMBL databases, and sequence identity vis-à-vis the bacterial identity was established by closest match (Altschul et al., 1990) . The 16s rDNA sequences were submitted in GenBank. Identification of fungi by ITS PCR and ITS rDNA sequencing: He Internally Transcribed Spacer (ITS) region of the three isolates were amplified using the primers ITS 6 (5'-GAAGGTGAAGTCGTAACAAGG-3') and ITS 4 (5'-TCCTCCGCTTATTGATATG-3') (White et al., 1990) . The PCR was performed in 25 μL reaction volumes with each reaction mixture containing 10X PCR buffer, 1.5 mM MgCl 2 , 20 pMole each of primers, 10 mM each of the dNTPs, and 1.5 units of Taq polymerase. Amplification was performed in an automated thermal cycler Swift Maxi Thermal Cycler (ESCO, USA) and the programme consisted of Initial denaturation at 94 0 C for 3 min followed by 34 cycle repeats involving denaturation at 94 0 C for 30 S, annealing 55 0 C for 30S and synthesis at 72 0 C for 1min and a final extension at 72 0 C for 10 min. The amplified products were analyzed on ethidium bromide (2 %) stained along with size standard 500 bp ladder (Genei, Bangalore, India), visualized under UV and photographed using Transilluminator (Alpha Innotech corporation). The sequences were edited and compared with GenBank sequences by BLAST analysis and accession number assigned. Nucleotide sequence similarities were determined using the NCBI or EMBL databases, and sequence identity vis-à-vis the bacterial identity was established by closest match (Altschul et al., 1990) . The ITS rDNA sequences were submitted to GenBank.
RESULTS
Identification of bacteria by PCR and 16S rDNA sequencing: Water DNA samples were amplified using 16S rDNA PCR. A 1500 bp amplicons were obtained for municipal supply water and parab water collected from Shah-e-Alam area, whereas all other water DNA samples showed no amplification for 16S PCR. All the PCR amplicons were then sequenced. Identification of fungi by ITS PCR and ITS rDNA sequencing: Water DNA samples were amplified using ITS rDNA PCR. Approximately 800 bp amplicons were obtained for municipal supply water and parab water collected from Shah -e-Alam area, whereas all other water DNA samples showed no amplification for ITS PCR. All PCR amplicons were then sequenced. Result of sequence analysis: Three different bacterial sequences and two different fungal sequences were obtained from these amplicons. The detail of these sequences is shown below and submissions SUB3610177 and SUB3556940 (NCBI, 2018) are listed in Table 2 . An amplicon with following bacterial sequence (not submitted) was also obtained from one of the water samples. This sequence identified as that from Aeromonas, known to be of soil origin. >Bacterial Sequence 1 Size: 1135 bp showed 96 % similarity to Aeromonas hydrophila 16S ribosomal RNA gene with an E. value 0. GGGGTTGGTAAAAGGCCAC-TTTTTCAGGCCGAGGGAAGGAAAAGGGTCCA  GTTAGGCTTATTATTCCGGCCGGGACTGTGG  ACCGTTTACTTGGCAGAAAGAAAGCACCCGG  GCTAAATTTCCGTGGCCAGCCAGCCGGCGGT  AATTACGGGAGGGTGCCAAGGCGTTTATTGG  GAAATTCCTGGGGCGTAAAGGCGCACGCCGG  GCGGTTGGGATAAAGTTAGAATGTGAAAAGC  CCCCGGGCTTCAACCCTGGGAAATGGCATTT  AAAAACTGTCCCAGCCTAGAGTTCTTGTAGAG  GGGGGGTAGAATTCCCAGGTGTAGCGGGTGA  AATGCGTAGAGATCTGGAGGAATACCGGTGG   CGAAGGCGGCCCCCTGGACAAAGACTGACGC  TCAGGTGCGAAAGCGTGGGGAGCAAACAGGA  TTAGATACCCTGGTAGTCCACGCCGTAAACGA  TGTCGATTTGGAGGCTGTGTCCTTGAGACGTG  GCTTCCGGAGCTAACGCGTTAAATCGACCGCC  TGGGGAGTACGGCCGCAAGGTTAAAACTCAAA  TGAATTGACGGGGGCCCGCACAAGCGGTGGA  GCATGTGGTTTAATTCGATGCAACGCGAAGAA  CCTTACCTGGCCTTGACATGTCTGGAATCCTG  CAGAGATGCGGGAGTGCCTTCGGGAATCAGA  ACACAGGTGCTGCATGGCTGTCGTCAGCTCGT  GTCGTGAGATGTTGGGTTAAGTCCCGCAACGA  GCGCAACCCCTGTCCTTTGTTGCCAGCACGTA  ATGGTGGGAACTCAAGGGAGACTGCCGGTGA  TAAACCGGAGGAAGGTGGGGATGACGTCAAG  TCATCATGGCCCTTACGGCCAGGGCTACACAC  GTGCTACAATGGCGCGTACAGAGGGCTGCAA  GCTAGCGATAGTGAGCGAATCCCAAAAAGCGC  GTCGTAGTCCGGATTGGAGTCTGCAACTCGAC  TCCATGAAGTCGGAATCGCTAGTAATCGCAAA  TCAGAATGTTGCGGTGAATACGTTCCCGGGCC  TTGTACACACCGCCCGTCACACCATGGGAGTG  GGTTGCACCAGAAGTAGATAGCTTAACCTTCG  GGAGGGCGTTTACCACGGTGTGATTCATGACT  GGGGTGAAGTCGT 
DISCUSSION
Waterborne pathogens are a global concern for public health worldwide. Since pathogens in water are still a major cause of severe illness and mortality, the control, monitoring and implementation of regulations for water quality are in urgent need and must incorporate more effective microbiological monitoring, pathogen detection and health risk assessment in order to reach the goal of pathogen -free water. Microbiological drinking water safety is traditionally monitored mainly by bacterial parameters that indicate fecal contamination. The presence of coliforms shows the danger of fecal pollution and a consequent hazard of contracting a disease through pathogenic organisms. Nonetheless, the disease-causing organisms (pathogens) mostly transmitted via drinking water are predominantly of fecal origin. Conventional culture-based microbiological water quality monitoring techniques take a long time (several days), and usually a small (typically 100 mL) volume of water tested, and subject to survival of the microorganisms, which gives rise to inadequate detection limits with regard to drinking water safety. The bacteria identified in this study are known to present in all sorts of environment of human involvement, majority of them are opportunistic pathogenic to human as well as animals and fishes. This is the first report of molecular identification of drinking water sources from Ahmedabad. Waterborne pathogen detection and quantitation by nucleic acid amplification and hybridization methods has advanced greatly in the last decade, and has been successfully applied to pathogen detection in field samples, appears to be a most promising technology for the future. The parab water analyzed in this study has clearly shown that they are loaded with indicator organisms E. coli linking to fecal pollution and seem to have seeped into the water body via human activities and agricultural runoff. This study reveals need of serious control activities around the water supplies to prevent microbial contaminants which have public health implications. This study also suggests routine water quality survey and monitoring programs to estimate the pollution level, rate at which additional pollutants are getting added and the causes of pollution. The presence of pathogens such as E. coli in these samples underpins the failure of the water purification efforts and especially the operations of the water treatment and transport. Recently, Suthar (2011) reported a wide range of pathogenic bacteria in potable water samples from some rural habitations of Northern Rajasthan, India. A total of ten bacterial species were reported in his study, includes E. coli, Pseudomonas aeruginosa, Klebsiella sp., Enterobacter aerogenes, Proteus vulgaris, Alcaligenes faecalis, Bacillus cereus, Staphylococcus aureus, Streptococcus lactis, and Micrococcus luteus, from the potable water samples from this region (from 73.1% of the villages / towns). The presence of pathogenic organisms that can pose severe health risks to consumers in general and more in infants and aged individuals. These opportunistic pathogens may harbor multiple drug resistance determinants pose significant health hazards to consumers, especially those whose immune systems are compromised. This study has clearly revealed that currently, the microbiological quality of water consumed in Ahmedabad city is unsafe for potable use at a few places and to some extent for recreational activities due to microbial contamination. The disease outbreaks by such contamination are governed by multiple factors. The infrastructure, chemical coat of water storage pipes and the architecture of the systems could enhance or inhibit the growth of microbial growth as communities in drinking water systems causing an outbreak. Breaks or leaks could lead to low pressure events and when repaired, pathogens could enter into the systems (Ingerson-Mahar et al., 2012, Hunter et al., 2005) . Inadequate water treatment or interrupted disinfection of groundwater along with changes in weather are the key factors that contributes to outbreaks, since it introduces contaminants into water sources by runoff from either a heavy rainfall or flooding. Moreover, changes in temperature can alter the dynamic of microbes in pipes since planktonic microorganisms may become trapped into biofilms, while pathogens on biofilm may be released in flowing water. The identification and detection of microbial contaminants in drinking water must continue to be a high priority for assessing the risks from and managing the microbial quality of drinking water supplies.
Conclusion
The PCR-based detection revealed presence of microbial genomic traces originated from fecal and soil origin. Although, presence of DNA fragments from bacterial and fungi is not enough to denounce the water sample for drinking purpose. Nevertheless, it warrant careful examination for presence of live coliform bacteria and focus on raw water quality at the purification and supplied levels. The prevalence of bacterial species detected by metagenomics studies, suggests coliform strain with different genomic sequence than conventionally known. Conclusion The present study analyzed various drinking water samples of Ahmedabad city using 16S rDNA based molecular methods and detected the presence of microorganisms indicative of contamination by bacterial pathogens. In this study, we have used several water sources, such as municipal water, marketed bottled water, and parab water. The results on the detection of potentially pathogenic bacteria in the drinking water distribution system had shown the presence of indicator bacteria E. coli and also other opportunistic bacteria, such as Aeromonas hydrophila and Citrobacter freundii emphasizing those drinking water systems, particularly with stagnant water sections, defective ozonization and storage could be the source of these contaminations. Detection of fungal contaminants is presumed to have origin from soil and handling, are not a potential threat to safety, until within acceptable count.
